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INTRODUCTION

Quinoxalines, and in particular a monoether polyphenylquinoxaline
(MEPPQ), have shown promise as high temperature polymers with good oxidative
stability which, at reasonably high temperatures, exhibit thermop1ast1‘c1‘ty.1
MEPPQ bonded titanium alloy (Ti-6A1-4V) has been shown to retain high lap
shear strengths at 232°C (450°F) [23.1 MPa (3350 psi)] after 8000 hrs of
thermal exposure at 232°C (450°F).*

The use of high temperature, high performance polymers as adhesives for
aerospace applications is highly dependent on the durability of the surfaces
joined by the adhesive. Recent efforts to determine a surface treatment
with long term, high temperature performance for titanium alloy joints has
met with Timited success.?»>," Titanium, and in particular the titanium
alloy, Ti-6A1-4V, is a primary candidate material for spacecraft and high
performance aircraft because of its high strenath to weight ratio and its
high temperature capabilities.

In this paper, three surface treatments for Ti-6A1-4V were evaluated
with the MEPPQ adhesive: phosphate-fluoride (PF) etch, chromic acid
anodization (CAA), and sodium hydroxide anodization (SHA). The SHA
treatment has been shown to have excellent durability in low temperature
adhesive joints as assessed by wedge specimens exposed to high humidity and
50°C (122°F) temperature.s In this application, the SHA treatment gave
better results than the CAA treatment.

The primary criterion used to evaluate the MEPPQ/Ti system with three
different surface treatments was their durability to long term thermal
exposure in air at 232°C (450°F) based on lap shear strengths and the type

of failure.




EXPERIMENTAL

Synthesis. The reaction scheme for the formation of MEPPQ is shown in
figure 1. The chemicals used to prepare the polymer were obtained from
commercial sources. The polymer was prepared by adding 3,3'-diamino-
benzidine (0.49 mole) as a fine powder to a stirred solution of 4,4'-oxydi-
benzil (0.50 mole) in a 1:1 mixture of m-cresol and xylenes. The solids
content, based upon the weight of the monomers, was 20% (w/v). The initial
reaction exotherm was controlled by maintaining the temperature at < 40°C
(104°F) by external cooling. After stirring for 18 hr, a viscous amber
solution was formed. Polymer was isolated by adding a small volume of
solution to methanol in a blender. The yellow fibrous material was boiled
twice in methanol. The dried polymer had an inherent viscosity of 0.81 dl/g
as measured on a 0.5% solution in m-cresol at 25°C (77°F). The alass
transition temperature as measured by differential scanning calorimetry at
20°C/min (36°F/min) was 290°C (554°F). The polymer solution was stored in a
brown bottle at ambient conditions.

The 20 wt % solids solution was diluted to 10 wt % by addition of 1:1
m-cresol/xylene to lower the viscosity for use as a primer for the 112-style
glass cloth and as a primer for the Ti-6A1-4V adherends.

Characterization. Lap shear strenath (LSS) was obtained according to

ASTM D-1002 using a Model TT Instron universal testing machine. Elevated
temperature tests were conducted in a clam-shell, auartz-lamp oven with
temperatures controlled to within £3°C (+5°F) for all tests. Specimens were

held 10 mins at temperature prior to testinag.




The average bondline thicknesses for the MEPPQ adhesive with the CAA
and PF surface treated Ti-6A1-4V adherends were 0.26 mm (0.0104 in.) and
0.28 mm (0.0112 in.) respectively. The average bondline thickness for the
SHA specimens was 0.18 mm (0.007 in.).

Glass transition temperature (Tg) of the adhesive from the fractured
lap shear specimens was determined by thermomechanical analysis (TMA) on a
DuPont 943 Analyzer. TMA was run on the fractured specimens in static air
at a heating rate of 5°C/min (9°F/min) using a hemispherical probe with a 15
g load. A Tg of 290°C (554°F), as determined for this polymer by dynamic
mechanical and dielectric relaxation measurements, was reported in reference
1.

Adhesive Tape Preparation. MEPPQ adhesive tape was prepared by brush

coating a 10 wt % solids solution in 1:1 m-cresol/xylene onto a 112 E-glass
cloth with an A-1100 finish (y-aminopropylsilane). The glass cloth had been
tightly mounted on a metal frame and dried in a forced-air oven for 30 min
at 100°C (212°F) prior to coating. The 0.10 mm (0.004 in.) thick glass
cloth served as a carrier for the adhesive as well as for bondline control
and an escape channel for solvent. The coated cloth was then air dried
overnight (approximately 16 hrs) and heated for 1 hr at each of three
temperatures: 85°C (185°F), 140°C (284°F), and 185°C (365°F). Subsequent-
ly, each application of a 20 wt % solids solution was brush coated onto both
sides of the cloth and the same heating schedule used until the thickness
was approximately 0.30 mm (0.012 in.). The tape was then heated for 18 hrs
at 185°C (365°F) and 9 hrs at 220°C (428°F) to reduce the volatile content

to 2%. The percent volatiles was determined by heating a 2.54 cm x 2.54 cm



(1 in. x 1 in.) piece of tape in a forced-air oven at 399°C (750°F) for 30
min. The weight of the tape was determined before and after the heat
treatment.

Ti-6A1-4V Surface Treatments. The adhesive tape was used to bond

titanium alloy adherends (Ti-6A1-4V, per Mi1-T-9046E, Type III Comp. C) with
a nominal thickness of 1.27 mm (0.050 in.). .

Three surface treatments were investigated: chromic acid anodization
(CAA), developed by Boeing Aircraft Company;6 phosphate-fluoride (PF) etch,
and sodium hydroxide anodization (SHA). The CAA surface treated adherends
were prepared for LaRC according to the Boeing process specification BAC
5890 using 10 vdc at 2 amp. The PF treatment of Ti-6A1-4V was also prepared
by Boeing according to the BAC 5514 process specification. The surfaces
treated by Boeing were immediately primed with MEPPQ solution supplied by
LaRC. The SHA surface treatment was performed in our laboratories using the
conditions which produced the best results in reference 5, i.e., 10 vdc for
30 min in 5M NaOH at 20 *1°C (68 *2°F) [actual temperatures used in our
laboratory were 25 £2°C (77 t4°F)]. Adherends were grit blasted with 120
grit A1,03 prior to the surface treatment. In general, stable oxides of
titanium are formed by these processes which increase the durability of the
adhesive joint to adverse environments, i.e., humidity and heat.

Bonding. The Ti-6A1-4V was supplied in a "four-fingered" configuration
with each "finger" being 2.54 cm (1 in.) wide and approximately 12.7 cm (5
in.) long. Immediately after the surface treatments, the area to be bonded
was primed with a 10 wt % solids solution of MEPP), air-dried for 30 min
under a fume hood, placed in a forced-air oven, and held for 30 min at each

of the three temperatures: 70°C (158°F), 140°C (284°F), and 180°C (356°F).




The primed adherends were placed in a sealed polyethylene bag and stored in
a desiccator until needed.

The lap shear specimens were prepared by inserting the MEPPQ adhesive
tape between the primed adherends using a 1.27 cm (0.5 in.) overlap (ASTM
D-1002). A vacuum bag technique was used to bond the samples. Bonding
temperature was monitored using a type K thermocouple spotwelded to the
titanium adherend at the edge of the bond area. The following bonding
process was used:

(1) Apply a full vacuum within the bag,

(2) Apply 1.37 MPa (200 psi) pressure (with a hydraulic press),

(3) Heat at approximately 20°C/min (37°F/min) to 371°C (700°F),

(4) Hold 371°C (700°F) for 20 min,

(5) Cool under vacuum and pressure to 150°C (302°F) and remove from

bonding press.
RESULTS AND DISCUSSION

Bonding. The processability of MEPPQ is attributed to the
thermoplastic nature of this type of polymer. The adhesive tape was
processed to contain very little volatile material, 2% in this case, in
order to avoid the formation of voids during bonding. Using the bonding
schedule previously mentioned, the thermoplastic MEPPQ flowed sufficiently
to provide a void free adhesive bond with a small amount of squeeze out.
Microscopic examination of failed specimens verified the void free nature of

the bonded joints.



Thermal Exposure Tests. The durability of the MEPPQ bonded joints with

three different surface treatments was determined by exposing lap shear
specimens in a forced-air oven at 232°C (450°F) for up to 12 months for the
PF and CAA prepared specimens and for up to 18 months for the SHA speci-
mens. Lap shear strengths were determined primarily at 232°C (450°F) before
(control) and after thermal exposure. SHA lap shear strengths were also
determined at RT before and after exposure.

Results are given in Table 1 and included in Figure 2 for MEPPQ/PF
treated specimens. The RT LSS values were lower than expected for this
adhesive, 19.6 MPa (2851 psi), compared to those in reference 1, 32.7 MPa
(4740 psi). However, the adhesive type of failure indicates the adherend
surface as the possible reason for the lower results. Low results were
obtained after thermal aging with total loss of strength at some period
between 6 months and 12 months (indicated by the dashed portion of the curve
in Figure 2). Again, only adhesive type failures occurred.

Results for the CAA treated specimens are given in Table II and
included in Figure 2. Higher LSS values were obtained for this system as
compared to the PF system except for a slight difference for the 232°C
(450°F) control values |23.1 MPa (3355 psi) versus 24.8 MPa (3608 psi)].

The CAA retains good strengths up to 6 months (4380 hr) but strenqgth
decreases significantly after a 12 month (8760 hr) exposure |5.8 MPa (838
psi)]. Failure modes were 100% cohesive for the control and 3 month tests
but changed to adhesive failures for the 12 month tests. Examples of failed
specimens are shown in Figure 3. The surfaces of these specimens were
surface analyzed by Boeing Aerospace Company using x-ray photoelectron

spectroscopy (XPS). The XPS data on the unexposed and 3 month exposure




specimens indicate a disbond in the adhesive (cohesive failure) whereas the
data for the 6 month exposure specimen implies that the disbonding occurred
at the primer/oxide interface.’ The Tow results after 12 months thermal
exposure at 232°C (450°F) make the CAA surface treatment unacceptable for
MEPPQ for long term durability at elevated temperatures. Similar results
were obtained in a Boeing study where LSS values decreased significantly
between 5000 and 10,000 hrs exposure at 232°C (450°F)."

Because of the encouraging results obtained with the SHA treatment by
Kennedy, et. al., reference 5, this treatment was investigated for the MEPPQ
adhesive after the poor results for the PF and CAA treatments were
determined. Thermal aging test results are given in Table III and included
in Figure 2 for the MEPPQ/SHA specimens. The LSS tests at RT and 232°C
(450°F) were conducted after 6.7, 12, and 18 months. A significant
improvement in LSS retention was obtained after the thermal aging with this
treatment. The LSS values at 232°C (450°F) for the SHA tests after 12
months are significantly higher than the CAA and PF LSS values: 17.0 MPa
(2465 psi), 5.8 MPa (838 psi), and 0 MPa, respectively. The failure mode
for the SHA specimens tested at 232°C (450°F) after 12 months were primarily
cohesive (Fiqure 4) whereas the CAA specimens failed adhesively and the PF
specimens fell apart (adhesively) when removed from the oven. When the SHA
specimens were tested at 232°C (450°F) after 18 months thermal exposure, the
LSS values were lower than those after 12 months exposure, 12.1 MPa (1750
psi) compared to 17.0 MPa (2465 psi). Failure for the 18 month specimens
were primarily adhesive (Figure 4).

RT LSS tests were also conducted for MEPPQ/SHA specimens before and

after thermal exposure. A significant decrease in LSS was obtained between



6.7 and 12 months: 24.5 MPa (3560 psi) to 9.1 MPa (1318 psi). Associated
with this decrease was a change in failure mode from primarily cohesive to a
100% adhesive failure. The reason for this change of failure mode is
unknown at this time but a possible casue is discussed further below.

The Tg's of the MEPPQ adhesive from the fracture specimens are included
in Table IIl. The measured Tg's range from 275°C (527°F) to 332°C (630°F).
As noted before, reference 1 cites the Tqg as 290°C (554°F) which was
determined by dynamic mechanical and dielectric relaxation measurements.

A possible cause of the abrupt change in failure mode noted above is an
interaction of the solvent system with the treated surfaces. A 1:1 mixture
of m-cresol and xylene (mixed) solvent system was used for this polymer.
Meta-cresol |b.p. 202°C (396°F)] is a difficult solvent to remove from the
polymer system because it is tenaciously held by the polymer. Xylene [b.p.
137°C - 140°C (279°F - 284°F)] is more easily removed than m-cresol.

Perhaps the solvent system interacts in some manner with time and tempera-
ture (high) to degrade the interface region or surface of the adherend to
bring about an interfacial type failure. An analysis was made using mass
spectrometry to determine if any of the solvent system, especially the
m-cresol, was still evident in the adhesive of a fractured lap shear
specimen of an as-fabricated as well as a specimen thermally aged for 18
months at 232°C (450°F). No evidence of the existence of either solvent was
found. Perhaps surface analysis studies of the treated surface before
testing and after failure could provide an explanation for the system's

failure.




SUMMARY

Three surface treatments for Ti-6A1-4V adherends were evaluated using a
thermoplastic polymer monoether polyphenylquinoxaline, MEPPQ, which had been
shown in previous studies to have good potential as a high temperature
adhesive for aerospace applications. Initial results hased on long term
thermal exposure at 232°C (450°F) using the phosphate-fluoride (PF) and
chromic acid anodized (CAA) treatments with MEPPQ adhesive were not
encouraging. A significant improvement in strength retention and a change
in failure mode (cohesive) at 232°C (450°F) was found for the SHA treated
specimens compared to the PF and CAA treatments. Although an improvement in
lTong term thermal durability was obtained with the SHA treatment of Ti-6A1-
4V, a change in failure mode from cohesive to adhesive was noted for the RT
tests after 12 months exposure at 232°C (450°F). Such a change is indica-
tive of a degradation of the adhesive-adherend interface. An improved
surface treatment with better Tona term durability is still required for

aerospace applications.

REFERENCES

1. Hergenrother, P. M.: High Temperature Organic Adhesives. SAMPE
Quarterly, 3 1(1971).
2. Hill, S. G.: Evaluation of High Temperature Structural Adhesives for

Extended Service. NASA CR-170129, Nov. 1981.



10

Hi1l, S. G.; Peters, P. D.; and Hendricks, C. L.: Evaluation of High
Temperature Structural Adhesives for Extended Service. NASA CR-165944.
July 1982.

Hi1l, S. G.; Peters, P. D.; and Hendricks, C. L.: Evaluation of High
Temperature Structural Adhesives for Extended Service. NASA CR-169882,
May 1981.

Kennedy, A. C.; Kohler, R.; and Poole, P.: A Sodium Hydroxide Surface
Pretreatment for the Adhesive Bonding of Titanium Alloys. Int. J.
Adhesion and Adhesives, 3 No. 2, 133(1983).

Moji, Y. and Marceau, J. A.: Method of Anodizing Titanium to Promote

Adhesion. U. S. Patent No. 3,959,091, May 1976.




11

USAO Duibe wouj paAOWRL UIYM P3| LE 4yxx
(*ul 2TT0°0) uw §2°( SBM SS3UYILY} U} |puoq 86Uy
20262 3B 4LR Ul

0 -- (¢°01) 92°0
»xx0 -- (0°21) o0€°0 (21) 09.8
0 (§Lv) ¢€°¢ (0sy) 2¢€2 (¢°01) 92°0
0 (0s§) 8°¢ (osv) 2€2 (1°11) 82°0
0 (529) €% (0sy) 2g2 (9-21) 2¢°0 (9) o8ty
hmmNHu D.m -m><
0 (522) 6°1 (0Sv) 2€2 (9°01) £2°0
0 (08ST) 6°01 (ost) 2¢g2 (¢°11) 82°0
0 (0v02) 1°v1 (0sy) 2€e (L°TT) 0€°0 (€) 0912
001 (9¥9€) 1°9¢ (0GY) ¢€2 (9°01) £2°0
001 (0S.g) 8°S¢ (0sv) 2ge (9°11) 62°0
001 (oeve) €°91 (0Sv) 2€2 (8°6) S2°0
HHmmNM w.mH .U><
0 (S¥81) L°¢1 (1¥) 1y (8°11) 0£°0
02 (0£62) Ss°02 (1d) 14 (9°11) 62°0
ob (ovie) 8°G2 (14) Ly (6°11) 0€°0 (SL043u09)
0
% (1sd) edW (do) 0 (=0T X °NI) W (HLNOW) dH
‘3YNIV4 £SST ‘YNLVYIdW3L ¥ SSINNIIHL *3YNS0dX3
IAIS3HOD 1531 INIONOY VWY 3IHL

0dd3W HLIM Q3ONOE Ap-Llv9-tl
Q31V3IYL 3d d0d SLINSIY LS3IL xOHNIGY TWWY3IHL I 3I1avl



12

autyoew Bul3sa} 433S3L-|B) © U0 PIISALyrx

("UL $OTO"0) UM 92°(Q SBM SSIUNILYJ BUL[PUO] BBRUBAYxx

J0CEC 3T JlB ULy

nmmmu mom .m><
0 (g2L) 0°§ (osv) z2€2 (¢°01) 92°0
0 (056) §°9 (osv) 2¢€2 (€°6) ¥2°0 (21) 09.8
nmwnmg 8° 81 .a><
0¢ (G96T) S°€T (ost) 2g2 (#°01) 92°0
02 (0582) 9°61 (osvy) 2¢ge (0°01) S2°0
08 (0Lg€) ¢°¢€2 (ost) 2¢€2 (0°01) s2°0 (9) osed
00T (059¢) 2¢°S¢ (0sv) z2€e (0°01) s¢°0
001 (009€) 8°t2 (ost) 2€2 (§°01) L2°0
00T (021€) 9°12 (ost) 2¢€e (6°01) 82°0 (€) 0912
Rmmmmu H.mm .m><
00T (OETE) 9°12 (osv) 2¢€e (¥°01) 92°0
00T (0Lg€) ¢°¢€e (osy) 2€2 (6701) 82°0
001 (§95€) 9°ve (ost) 2g2 (0°01) s2°0
001 »»x(0909) 8' 1t (1d) 1¥ (0°01) s2°0 (S1043u0))
0
% (1sd) edwW (do) Do (=0T X °NI) WW (HINOW) dH
‘UNIIVA ‘$S1 ‘ANIVYYIdWIL »x SSINNIIHL ‘34NS0dX3
JAISIHOI 1831 INI1ONOE TVWYIHL

Odd3W HLIM Q3ANOE Ap-iv9-il
Q31vidl VVJ d0d4 S1NS3Y 1S3L »YNIOV TWWY3IHL °II 31avl




13

_mm_mu WA .m><
58 (0292) 1°81 (0Sv) 2€2 (6°9) 81°0
52 (0502) 1°¥1 (0S¥) 2€2 (0°9) S1°0
0§ (02v2) L°91 (0Sv) 2€2 (8°£) 02°0
(L19) G2€ 08 (0££2) T°61 (0S¥) ¢€2 (1°4) 81°0
RmHm”: H.m .G><
0 (0S11) 6°L (1d) 13 (9°9) L1°0
0 (04€T) €76 (1d) L1y (§°L) 6170
0 (§9v1) 1°01 (1d) Ly (0°£) 81°0
(269) TIE 0 (SOET) 6°8 (L) 1y (9°9) yI°0 (1) 09/8
001 (00¥E) ¥°€2 (0St) 2€2 (1°L) 81°0
001 (0S¥E) 8°€2 (0S¥) 2€2 (L°9) L1°0
08 (0982) L°61 (0§v) 2€2 (1°£) 81°0
(0£9) gg€ 56 (Q90€) 1°1¢ (0s¥) 2€¢ (L°£) 02°0
(Q9GE) G pg “bAay
09 (§50€) 1°12 (1d) Lo (6°9) 91°0
09 (06E€) ¥°€2 (1d) 1 (1°9) 6170
08 (058€) 6°92 (14) L4 (6°L) 02°0
(L49) €0¢E 06 (9v6€E) ¢° L& (1d) Ly (£°9) 91°0 (£°9) 000§
(219€) 2°y¢ °“bAay
56 (0S¥E) 8°€2 (0sv) 2€2 (L7L) 02°0
56 (0SvE) 8°¢€2 (05¥) 2€2 (v°9) 91°0
00T (S0S€) 1°¥2 (0sv) 2€2 (1°L) 8170
(L29) G/2 001 (Gp9€) 1°G2 (09¥) 2€2 (p°L) 61°0
_DDD_; m.“m .@><
S (008€E) 2°92 (1d) 14 (9°9) L1°0
0§ (08£€) 0°92 (L14) 1Y (L°9) L1°0
S§ (0/2v) v°62 (14) LY (8°£) 02°0
(2€S) 8L2 09 (0sTy) 9782 (1d) 1o (9°L) 61°0 (S1043u0))
0
(do) Jo ¥xx‘DlL % (1sd) ed (do) Jo (=0T X °NI) Wi (HLNOW) dH
“3UNLYYIdWIL 3NV $S1 ‘ UNLVYIdWIL +x*SSINNITHL *3NS0dX3
NOILISNVYL SSV9 3AISIHOD 1831 INIONOE WWYIHL
Odd3W HLIM G3ONO8 Ap-LV9-Ll
03LVIYL VHS Y04 SLINSIY 1SIL »ONIDY TWWY3HL “III 378Vl




14

JuBMWAUNSeA D BULSxyx
(“ulL /00°0) uw QI°( SeM SSoUNILY} oul|puoq 9DRUBAYxx
(do0GY) J02EZ 3B Ul® Ul

(0SLT) 1°21 °bay |
6T (0991) tv°11 (0sv) 2g2 (0°L) 81°0
g (0€9T) ¢°T11 (0sY) 2€2 (¢°L) 81°0
0¢ (0512) 8°¥1 (ost) z€2 (¥°L) 61°0
(#69) 21¢ 01 (0/9T) 8°0T (ost) 2£2 (8°9) £1°0
HNDHHH mon .U><
0 (0621) 6°8 (1d) 1 (6°L) 02°0
0 (000T) 6°9 (14) 1y (1°L) 81°0
0 (0901) €°¢L (14) Ly (6°L) 61°0
(209) (1€ 0 (0901) €°¢ (1d) 1y (¢°L) 81°0 (81) oviel

J3NNILINOD °IIT 374Vl




15

" (Ddd3wW) ut exouLnb|AusydA|od 43y3a0uow 40j Bw3YIS U010y

0ddw

SN

aud|AX/0S3.12-TW T:T

800-v'y

A

*T 9unbLy

(0% 0o

ava-€'c
/

¢ 2
@.o o.@l ?_@5 u@ * N””u@ @MH__N”
00 00



16

"S3USUIE3UY 9JBJUNS SNOLURA YILM Ap-|y9-L] papuoq
OddIW 0 dunsodxs |eumayj 433je SI|NSAL 3533 SS71 2 2unbiy

1y uowmmwmmhsmoaxm_m::mcﬁhomc:p
mS Xyl Al 01 8 9 14 ¢ 0
0 _ V=¥ ____ 1 d _
0001
A 0T -
Isd 0002 ‘yibuans
Jeays deq

id 159} 9,262
VYO 19} 9 262 O
VHS 159} 0 2€2 O
VHS 159} 1§ O

0¢

0¢

ol

3.




17

ORIGINAL PAGE &
OF POOR QUALITY

- U v 13,0 :
.o

; ‘mm_xu. SN e

Bste .&wﬁmtt&xﬁs&

£

"1




} O

G

138

N

¥

A}

= P
S £

18




Standard Bibliographic Page

1. Report No.
NASA TM-84045

2. Government Accession No.

3. Recipient’s Catalog No.

4. Title and Subtitle

Evaluation of Ti-6A1-4V Surface Treatments for use
with a Polyphenylquinoxaline Adhesive

5. Report Date

October 1986

7. Author(s)

Donald J. Progar

6. Performing Organization Code

506-43-11-01

8. Performing Organization Report No.

9. Performing Organization Name and Address
NASA Langley Research Center
Hampton, VA 23665-5225

10. Work Unit No.

11. Contract or Grant No.

12. Spon§oring Agency Name a..nd Address
National Aeronautics and Space Administration
Washington, DC 20546

13. Type of Report and Period Covered

Jechnical Memorandum

14. Sponsoring Agency Code

15. Supplementary Notes

Adminstration.

Use of trade names or manufacturers does not constitute an official endorsement,
either expressed or implied, by the National Aeronautics and Space

16. Abstract

Three surface treatments for Ti-6A1-4V adherends were evaluated using a thermo-
plastic polymer monoether polyphenylquinoxaline, MEPPQ, which had been shown in
previous studies to have good potential as a high temperature adhesive for
aerospace applications. Initial results based on long term thermal exposure at
232°C (450°F) using the phosphate-fluoride (PF) and chromic acid anodized (CAA)
treatments with MEPPQ adhesive were not encouraging. A significant improvement
in strength retention and a change in failure mode (cohesive) at 232°C (450°F)
was found for the SHA treated specimens compared to the PF and CAA treatments.
Although an improvement in long term thermal durability was obtained with the
SHA treatment of Ti-6A1-4V, an improved surface treatment with better long term
durability is still required for aerospace applications.

17. Key Words (Suggested by Authors(s))

18. Distribution Statement

Polyquinoxaline Adhesive
Thermoplastic

Surface pretreatment
Phosphate-fluoride

Anodized

|__Lap shear strength

Unclassified - Unlimited

Subject Category 27

19 Security Classif.(of this report)

20. Security Classif.(of this page) |[21. No. of Pages|22. Price
Unclassified 19 AD2

Unclass1f1ed

For sale by the National Technical Information Service, Springfield, Virginia 22161

NASA Langley Form 63 (June 1985)




